Acinetobacter baumannii is among the common nosocomial infections microorganisms in the Intensive Care Unit (ICU). Antimicrobial resistance (AMR) is one of the major significant concerns in developing nations due to either over-use or inadequate use of antimicrobial agents. The purpose of this study was to emphasize the potential antimicrobial activity of Nepeta cataria and Basella alba against nosocomial diseases caused by Acinetobacter baumannii. Nepeta cataria and Basella alba leaves were collected from Oldonyo Sabuk National Park and Botanical garden JKUAT respectively. The leaves were dried under shade at room temperature for thirty days. After methanolic and aqueous plant extraction, the percentage yield was determined, and the extracts were subjected to toxicity testing using brine shrimp eggs and preliminary phytochemical screening. The results recorded from this study demonstrated that 70% methanolic extract of Nepeta cataria and Basella alba had greater antimicrobial effect against Acinetobacter baumannii than aqueous extracts. Nepeta cataria extracts showed greater antimicrobial effect than Basella alba extracts. The methanolic plant extracts had MIC values 60 mg/ml when tested against Acinetobacter baumannii. The phytochemical screening showed the presence of various phytochemical constituents from the methanolic and aqueous extraction of Nepeta cataria and Basella alba. 
Introduction
Acinetobacter species, ubiquitous Gram-negative coccobacilli, are widespread in nature, water and soil. More than 20 species of Acinetobacter have been characterized but only few species including Acinetobacter baumannii, A. calcoaceticus and A. lwoffii play a significant role in nosocomial infections [1] . Traditional medicinal plants are likely to provide new antibiotics in future [2] . Numerous works have been done to isolate and characterize bioactive compounds from plant resources that are active against Gram-positive and Gram-negative bacteria, fungi and viruses. A previous study reported that flavonoids, tannins and phenolic compounds are active against Acinetobacter [3] . In recent decades, the pharmacological properties of numerous medicinal plants and opportunities in phytotherapy have been explored through research projects, reviews, and monographs. These studies confirm that medicinal plants offer new approaches to tackling diseases [4] [5] [6] . Plant products derived from barks, leaves, flowers, roots, fruits or seeds have been part of phytomedicines from ancient days and they are also the source of most natural and synthetic drugs [7] .
Before 2008, A. baumannii was uncommon among pathogens recovered at Aga Khan University Hospital, Kenya, and it had remained susceptible to several antibiotics including extended-spectrum cephalosporins, carbapenems, and aminoglycosides [8] . Acinetobacter baumannii infections can be enhanced by the occurrence of multiple antimicrobial resistance, resulting in difficulties when determining the therapeutic options to treat the infection. Plant-based drugs have gained popularity due to their fewer side effects, better patient tolerance, and are relatively less expensive than synthetic drugs. They are more accepted due to a long history of use.
Carbapenem-resistant Acinetobacter baumannii is based on the incidence of multidrug-resistant. A. baumannii has become an emerging pathogen in intensive care units (ICUs) because it has developed resistance to broad-spectrum antibiotics such as carbapenems which were a short time ago the only effective group of antibiotics against multidrug-resistant A. baumannii (MDRAB) infections [9] . The overall prevalence of nosocomial infections in hospital intensive care units due to Acinetobacter baumannii varies from 2% to 10% [10] . Plant-based drugs have gained popularity due to their fewer side effects, better patient tolerance, and relatively less expense than synthetic drugs and are therefore more accepted due to a long history of use. Plants are also the source of most natural and synthetic drugs. Biomolecules of plant origin can serve as alternatives for the control of resistant human pathogens. For instance, Nepata species (Labiateae) are used in traditional medicine in many countries and have large ethnobotanical effects with diuretic, diaphoretic, vulnerary, antitussive, antispasmodic, antiasthmatic, tonic, febrifuge, emmenagogue and carminative properties. It is used as a household herbal remedy, being employed especially in treating disorders of the digestive system, and stimulates sweating, thus reducing fever [11] . Basella alba is an important medicinal plant in ethnoveterinary for treatment of retained afterbirth and anaplasmosis. It is administered in gonorrhea and balanitis. The mucilaginous liquid obtained from the leaves and tender stalks of this plant is a popular remedy for habitual headaches. A decoction of the leaves is a good laxative for pregnant women and children [12] .
Materials and Methods

Collection and Preparation of Plants
The Nepeta cataria leaves were harvested from Ol Donyo Sabuk National Park 
Methanolic Extraction
Methanolic extraction of powdered leaves was done according to previous protocol [13] . One hundred and fifty grams (150 g) of the dried plant material was mixed with 750 ml of 70 % methanol at a ratio of 1:5 (w/v) in a flask and shaken vigorously. The plant material was soaked in 70% methanol for 72 hours to allow extraction to take place. The mixture was filtered using Whatman No.1 filter paper. The extracts were concentrated using vacuum rotary evaporator at 50˚C for 3 hours (Labtech EV311, DIAHANLABTECH CO., LTD) then frozen at −80˚C until lyophilization (FDL mr c). The final extracts obtained were weighed to obtain the percentage yield then stored at 4˚C in the refrigerator for further analysis.
Aqueous Extraction
The powdered plant material was prepared according to [14] protocol. 150 g of the powdered leaves were stirred for five minutes into 750 ml of boiled distilled water which has been cooled to 55˚C at a ratio of 1:5 (w/v) in a flask. The mixture was kept off the hot plate, for 30 minutes to allow it to infuse. The mixture was cooled and filtered using Whatman No.1 filter paper as described by [15] . The mixture was frozen and dried using a freeze dryer machine (FDL mr c). The obtained extracts were weighed; the percentage yield was determined and then stored at 4˚C. 
Phytochemical Screening
Primary screening of the crude extract for the following phytochemicals was done according to the standard protocols described by [16] .
Test for Tannins
About 0.5 g of each plant methanolic extract was boiled in 20 ml of water in their respective test tubes and then filtered. A few drops of 0.1% ferric chloride was added to each test tube. A brownish green or blue-black coloration indicated the presence of tannins.
Test for Phlobatannins
An aqueous extract of each plant sample was boiled with 1% aqueous hydrochloric acid. A deposition of a red precipitate indicated the presence of Phlobatannins.
Test for Saponins
About 50 g of powdered plant extract was dissolved in 400 ml of distilled water in a conical flask and boiled for 5 min. The mixture was filtered when still hot and 5 ml of sterile distilled water added to a test tube containing equal amounts of cooled filtrate. The test tube was shaken vigorously for 30 seconds and then allowed to stand for 30 min. Formation of honey comb froth indicated the presence of saponins.
Test for Flavonoids
5 ml of dilute ammonia solution was added to a portion of the aqueous filtrate of each plant extract followed by addition of concentrated H 2 SO 4 . Formation of yellow color indicated the presence of flavonoids.
Test for Steroids
2 ml of acetic anhydride was added to 0.5 g of the methanol extract with 2 ml H 2 SO 4 . The change in colour from violet to blue or green indicated the presence of steroids.
Test for Essential Oils
To 2 ml of the extract, 0.1 ml of 2 M sodium hydroxide was added, followed by a small quantity of 2 M hydrochloric acid and shaken. A white precipitate indicated the presence of essential oils.
Phenols
To 2 ml of the extract, 2 ml of Iron III chloride was added to the solution. A deep bluish-green solution indicated the presence of phenols.
In Vitro Antimicrobial Activity Testing
This study was a retrospective laboratory-based study of thirty stocked suspected
Acinetobacter baumannii isolates at Aga Khan University Hospital in Nairobi which evaluated the qualitative phytochemicals composition of Nepeta cataria were weighed and stored in well labelled sterile centrifuge tubes for further dilution. To obtain the working solution, the methanolic and the aqueous extract were diluted with distilled water [17] . The antimicrobial activity of the plants extracts was determined by well diffusion method described by [18] . Using sterile swabs, the bacterial suspension of Acinetobacter baumannii was spread on the plates. Six millimeter well was cut in the plates with the sterile cork borer [19] . Using pipette, 100 µl of the solutions prepared was introduced into each well at different concentration. The plates were incubated overnight at 37˚C. The antimicrobial activity of the extract was recorded by measuring the zone of inhibition formed around the discs in millimeter [13] .
Determination of the Minimal Inhibitory Concentration
Acinetobacter species used in this study were confirmed by culturing on the Sheep Blood agar and Brain Heart Infusion agar media followed by biochemical test using API. Based on CLSI guidelines, MICs was determined by using the broth microdilution method [18] . Nine milliliters of the nutrient broth was dispensed into the test tubes and one milliliter of the stock working solution was added to the first tube and diluted serially to the next tubes. The negative control was prepared without adding the plant extracts while for the positive control, one milliliter of 70% methanol was added. One milliliter of the bacterial suspension according to 0.5 MacFarland was added to all the test tubes followed by overnight incubation at 37˚C. For the 96 well plates, the serial dilution was performed with 50 µl of reverse gradient dilution of the plant extract and 50 µl of the test organism suspension [20] . The plates were covered with plate sealing tape and incubated at 37˚C for 24 hours [21] .
Toxicity Testing on Brine Shrimp
The Toxicity testing was done to assess the active compounds for methanolic extracts of Nepeta cataria and Basella alba using the brine shrimps. Brine shrimp eggs were bought from Aqua-pet shop in Nairobi. They were dissolved in artificial seawater then transferred into a hatching chamber with a covered and light part for hatching (four days). Using a magnifying glass and pipette, ten nauplii were added to the previously labelled test tubes containing nine milliliters of salted water and one milliliter of the working plant extract solution at different [22] . Pure methanol was used as a positive control while artificial seawater was used as a negative control [17] . These tubes were incubated uncovered at room temperature for 24 hours. After 24 hours, the live nauplii were counted and recorded. The percentage mortality was calculated by dividing the number of dead nauplii by the total number and then multiplied by 100% [23] .
Statistical Analysis
Data obtained was analysed using Statistical Package for the Social Sciences (SPSS) to determine the significance (p-value) with values given in means ± SD for each measurement. Graphs were established using GraphPad Prism and Microsoft Excel.
Results and Discussion
Extraction and Phytochemical Screening
The percentage yield for Basella alba in both methanolic and aqueous extracts 4.63 and 1.93 while that of Nepeta cataria was 4.03 and 3.11 respectively (Table   1 and Table 2 ).
There was significant difference in the percentage yield of methanol and aqueous extracts of Basella alba since the p-value was <0.05 unlike in Nepeta cataria extracts (p-value > 0.05). A previous study reported methanol to be the most effective solvent enabling maximum separation of different phytochemicals. Preliminary analysis of the extracts revealed the presence of secondary metabolites in leaves of B. alba extract [13] . Using different parts of the plant, the study carried out by Adegoke and Ojo, (2017) [24] reported that the leaf fraction of Basella alba had the highest percentage yield (24.30%) than Basella alba fruit fraction with a yield of 11.13% with methanol used as extraction solvent. The results obtained by Iloki-Assanga et al. (2015) [25] proved that methanol was the most effective solvent for isolation of phenolic compounds, whereas much lower yields were obtained from samples extracted with acetone.
The Phytochemical Analysis
The phytochemical screening in the present study showed the presence of various phytochemical constituents from the methanolic and aqueous extracts of Nepeta cataria and Basella alba. From the methanolic extract of Nepeta cataria, the phytochemicals present included phenols, tannins, saponins, flavonoids and essential oils while in the aqueous extraction. All the phytochemicals detected using methanolic extracts were present except flavonoids. Basella alba methanolic extract revealed the presence of phenol, phlobatannin, saponin, flavonoid and steroid whereas saponin was the only phytochemical detected in the aqueous plant extract (Table 3) .
Previous studies showed presence of flavonoid, phenol, steroids and essential oils in methanolic extract of Nepeta cataria [26] 
In Vitro Antimicrobial Activity Testing
All the methanolic Nepeta cataria concentrations that were used (600 mg/ml, 400 mg/ml and 200 mg/ml) demonstrated antimicrobial activity. Antimicrobial activity of methanolic Nepeta cataria extracts was greater than those of Basella alba (Plate 1, Plate 2). The only concentration of Nepeta cataria aqueous extracts that demonstrated antimicrobial activity was 600 mg/ml. Basella alba aqueous extract did not show any antimicrobial activity against Acinetobacter baumannii at the different concentrations.
From the two solvents used for plant material extraction, the methanolic extract showed a highest antimicrobial activity against Acinetobacter baumannii at the three different concentrations than the aqueous extract ( Figure 1 ). Crude extract of methanolic Nepeta cataria exhibited an antimicrobial activity by presenting a zone of inhibition around the wells of 600, 400 and 200 mg/ml. From the aqueous extract, the zone of inhibition at 600 mg/ml was only recorded.
Results obtained in previous study revealed that the aqueous extracts of Nepeta cataria possess potential antibacterial activity as compared to its antifungal activity [4] . The methanolic crude extract of Nepeta cataria showed antimicrobial activity against all the test microorganisms except for Staphylococcus aureus and Salmonella typhii [4] [11] . The antimicrobial activity observed for Nepeta cataria in the study done by [26] may be attributed to the presence of main components in the essential oil.
Of all the Basella alba aqueous extracts tested at 600, 400, 200 mg/ml concentration, no zone of inhibition was recorded against Acinetobacter baumannii contrary to the methanolic extract which showed the greater activity at 200 and 400 mg/ml. Kumar et al. (2013) [30] reported a significant growth inhibition on human cancer cell lines and momentous zone of inhibition for microorganisms studied. The methanolic extracts exhibited marked antimicrobial activity against gram positive and gram-negative bacteria and fungi. Basella alba showed good inhibitory activity against Aspergillus niger. This mild activity of the aqueous was also reported in another study [35] . The results reported by Toyang et al. (2012) [36] showed that the solvents dichloromethane and methanol extracted compounds with better activity than aqueous extracts.
Determination of the Minimal Inhibitory Concentration
For Nepeta cataria and Basella alba crude extracts, the results of minimum inhibitory concentration (MIC) against the test Acinetobacter baumannii isolates dysenteriae, Escherichia coli and Pseudomonas aeruginosa [27] . Moreover, the results obtained by different authors vary widely because of that there are no standard criteria for the evaluation of the plant activity. The MIC and MBC were 50 mg/ml for P. aeruginosa and E. coli of Basella alba of both the leaf and stem [34] . The essential oils of Nepeta cataria inhibited the growth of the examined bacteria at concentrations of 0.125 -2 µL/ml [37] . However, only few literatures are available on the evaluation of the aqueous and methanolic activity of the Nepeta cataria and Basella alba extract, it is difficult to give a good comparison of this data with some variables such as environmental and climatic conditions of the plant and the method of extraction and antimicrobial screening.
Toxicity Testing on Brine Shrimp
All the hatched eggs were killed by methanolic Nepeta cataria and Basella alba extracts as compared to the 70% methanol used as positive control. 65% of dead eggs was recorded for Nepeta cataria aqueous extract at 200 mg/ml and 100 % for 400 and 600 mg/ml. For aqueous Basella alba, it was 55% for 200 mg/ml; 85%
for 400 mg/ml and 100% for the 600 mg/ml (Figure 2 ). This could be attributed to the phytochemicals recorded from the extraction using methanol, which is an organic solvent with a distinctive odor like that of ethanol however far more toxic than ethanol. From the plant materials, Basella alba showed the lowest rate of toxicity than Nepeta cataria whether 70 % methanol or water were used. 65% of death was recorded for Nepeta cataria aqueous extract at 200 mg/ml and 100% for 400 and 600 mg/ml. The methanolic Nepeta cataria shows highest mortality ratio at different concentration of methanolic leaf extract with LC 50 of 0.98 mg/L against larvae of Anopheles gambiae [38] . Although, there was non-significant difference between the aqueous extracts and the sea water, the aqueous extract had the least mortality of 25% while the organic extraction had the highest mortality of 100%. This could explain why most traditional herbal medicines are prepared using water as a solvent because it is not or less toxic as reported in previous study [39] . Some other studies reported that methanolic extract of Basella alba leaf did not cause liver and muscle damage in live pups indicating that it is safe for consumption [40] [41]. The phonological age of the plant, percentage humidity of the harvested material, geographical location, climatic conditions, soil condition, time of harvest, and the method of extraction are possible sources of variation for the chemical composition, toxicity and bioactivity of the extracts [11] .
Conclusion
From the present study, the methanolic extracts of Nepeta cataria and Basella alba showed the high presence of phytochemicals compared to their aqueous extracts. The bioactivity of the methanolic and aqueous extracts of Nepeta cataria and Basella alba against clinically resistant Acinetobacter baumannii isolates was revealed, with a greater antimicrobial activity of methanolic extracts of Nepeta cataria than the Basella alba methanolic extracts. From methanolic plant material extracts, the cytotoxic activity on the brine shrimp recorded an LC 50 value that was less than 200 mg/ml for the aqueous extracts and an antimicrobial effect of against Acinetobacter baumannii an MIC of 60 mg/ml.
